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(54) Image displaying device and method, and shooting video game system 



(57) An image displaying device comprises: at least 
one display unit provided with a first and a second dis- 
play sections; display control unit for displaying portions 
of an image of a model set in the virtual 3D space within 
ranges of different angles of view on the first and sec- 
ond display sections; polygon storage unit for storing a 
plurality of polygon sets comprised of different numbers 
of polygons and representing the same model displayed 
on the first and second display sections; distance 
detecting unit for detecting the distances from a viewing 
point to the model displayed on the first and second dis- 
play sections in the virtual 3D space; correcting unit for 
calculating a corrected value of the distance according 
to the angle of view of the image displayed on the first 
and second display sections from the viewing point; and 
polygon selecting unit for selecting the polygon set used 
for displaying the model on the first and second display 
sections from the plurality of polygon sets based on the 
corrected value. As a result, the display control unit dis- 
plays the model on the first and second display sections 
using the selected polygon set. 
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Description 

[0001] The present invention relates to a technique 
for displaying images on a plurality of display devices at 
different angles of view and a technique of a shooting 5 
video game system for shooting an enemy character 
displayed on a display means by a simulated gun. 

BACKGROUND OF THE INVENTION AND RELATED 
ART STATEMENT w 

[0002] There have been known shooting video 
game systems which are provided with a main monitor 
for displaying enemy characters as targets and a simu- 
lated gun having a trigger for discharging a simulated 15 
bullet toward the main monitor and are constructed 
such that the simulated bulfet propagates in a specified 
direction in an image displayed on the main monitor by 
pulling the trigger of the simulated gun, and the enemy 
character is destroyed on a game screen or disappears 20 
from the game screen when the simulated bullet hits 
him. In some of such shooting video game systems hav- 
ing been put to practical use, a small-size auxiliary mon- 
itor is provided in a gunsight of the simulated gun in 
addition to the main monitor, and a part of a set game 25 
image in a range having a smaller angle of view than the 
main monitor is displayed on this auxiliary monitor so 
that a game player can easily see the enemy character. 
[0003] Image displaying devices for displaying 
images having different angles of view on two display 30 
units as in the conventional shooting video game sys- 
tems are required to easily enable a realistic image dis- 
play by making models such as characters appearing in 
the images seeable in more details when they are at a 
long distance from a viewing point than when they are at 35 
a short distance therefrom. 

SUMMARY OF THE INVENTION 

[0004] In view of the above demand, an object of 40 
the present invention is to provide image displaying 
device and method, and a shooting video game system 
which can easily display realistic images when images 
having different angles of view are displayed on two dis- 
play units. 45 
[0005] In order to fulfil the above object according to 
the invention, an image displaying device comprises: at 
least one display means provided with a first and a sec- 
ond display sections; display control means for display- 
ing portions of an image of a model set in the virtual 3D so 
space within ranges of different angles of view on the 
first and second display sections; polygon storage 
means for storing a plurality of polygon sets comprised 
of different numbers of polygons and representing the 
same model displayed on the first and second display 55 
sections; distance detecting means for detecting the 
distances from a viewing point to the model displayed 
on the first and second display sections in the virtual 3D 
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space; correcting means for calculating a corrected 
value of the distance according to the angle of view of 
the image displayed on the first and second display sec- 
tions from the viewing point; and polygon selecting 
means for selecting the polygon set used for displaying 
the model on the first and second display sections from 
the plurality of polygon sets based on the corrected 
value, wherein the display control means displays the 
model on the first and second display sections using the 
selected polygon set. 

[0006] These and other objects, features and 
advantages of the present invention will become more 
apparent upon a reading of the following detailed 
description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] 

FIG. 1 is a perspective view showing the external 
configuration of one embodiment of a shooting 
video game system according to the invention, 
FIGS. 2A and 2B show the construction of a simu- 
lated gun, wherein FIG. 2A is a side view partly in 
section of the simulated gun and FIG. 2B is a dia- 
gram showing an aiming direction detector, 
FIG. 3 is a diagram showing a display screen of a 
main monitor in one scene of a game, 
FIG. 4 is a diagram showing a display screen of an 
auxiliary monitor in one scene of the game, 
FIG. 5 is a diagram showing the display screen of 
the auxiliary monitor in another scene of the game, 
FIG. 6 is a block diagram showing the electrical 
construction of the video game system and function 
blocks of a controller, 

FIG. 7 is a polygon mesh representation showing a 
polygon set constructing a human character model, 
FIG. 8 is a polygon mesh representation showing 
another polygon set constructing the human char- 
acter model, 

FIG. 9 is a polygon mesh representation showing 
still another polygon set constructing the human 
character model, 

FIG. 10 is a diagram showing an enemy character 
model displayed on the auxiliary monitor in a differ- 
ent display mode, 

FIG. 11 is a diagram showing an enemy character 
model displayed on the auxiliary monitor in another 
different display mode, 

FIG. 12 is a diagram used to explain selection of a 
polygon set, 

FIG. 13 is a diagram showing one example of the 
display screen on the main monitor when an 
instruction is given by a change instructing means, 
FIG. 14 is a diagram showing another example of 
the display screen on the main monitor when an 
instruction is given by the change instructing 
means, 
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FIG. 15 is a flow chart showing an operation proce- 
dure of selecting a polygon set, and 
FIG. 16 is a flow chart showing an instruction pro- 
cedure by the change instructing means. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0008] FIG. 1 is a perspective view showing the 
external configuration of one embodiment of a shooting 
video game system according to the invention, and 
FIGS. 2A and 2B show the construction of a simulated 
gun, wherein FIG. 2A is a side view partly in section of 
the simulated gun and FIG. 2B is a diagram showing an 
aiming direction detector. 

[0009] As shown in FIG. 1 , a video game system 1 
according to this embodiment is comprised of a main 
game unit 10 and a simulated gun 20. 
[0010] The main game unit 10 is provided with a 
main monitor 11 made of a CRT or PDR a coin slot 12 
through which a coin is inserted by a game player, and 
a start switch 13 operable by the game player. The main 
monitor 11 is arranged such that its center is substan- 
tially at the same level as a position slightly below the 
eyes of a standing person having an average height. 
[0011] The simulated gun 20 is opposed substan- 
tially to the center of the main monitor 1 1 and is installed 
on a base 14 of the main game unit 10 spaced apart 
from the main monitor 1 1 by a specified distance. The 
simulated gun 20 is, as shown in FIG. 2A, provided with 
a main gun unit 21, a cylindrical gunsight 22 disposed 
on the main gun unit 21 , a trigger 23 disposed below the 
main gun unit 21 and a micro-switch 24. 
[0012] The main gun unit 21 is so mounted as to be 
vertically pivotal and horizontally rotatable. An auxiliary 
monitor 25 whose display surface is faced backward is 
arranged in the gunsight 22. The auxiliary monitor 25 is 
made of, for example, a liquid crystal display panel. The 
micro-switch 24 is provided in such a position that, when 
one end of the trigger 23 is pulled, the other end thereof 
is brought into contact with the micro-switch 24 to turn it 
on. When being turned on, the micro-switch 24 sends a 
trigger signal to a control unit 33 (see FIG. 6). 
[0013] A mounting construction of the main gun unit 
21 and the aiming direction detector are described with 
reference to FIGS. 2A and 2B. The main gun unit 21 is 
mounted on a mount portion 201 fixed to the base 14. 
Specifically, the main gun unit 21 is made vertically piv- 
otal about a horizontal shaft 202 by mounting the lead- 
ing end of an extending member 26 extending from the 
main gun unit 21 on the horizontal shaft 202 and also 
made horizontally rotatable about a vertical shaft 203 by 
mounting the horizontal shaft 202 on the vertical shaft 
203. A vertical pivotal range of the main gun unit 21 is 
restricted by stoppers 204 projecting from the mount 
portion 201. A shock created by this restriction is 
absorbed by shock absorbing rubbers 205 projecting 
from the mount portion 201. A horizontal rotatable 
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range of the main gun unit 21 is restricted by shock 
absorbing rubbers (not shown). 
[0014] In FIG. 2B, a small-diameter gear 202b is in 
mesh with a fan-shaped gear 202a mounted on the hor- 

5 izontal shaft 202, and a rotatable variable resistor 202c 
which functions as an angle of elevation sensor is 
mounted on a rotatable shaft of the gear 202b. The ver- 
tical shaft 203 is rotatably supported on a shaft bearing 
15 of the base 14, and a rotatable variable resistor 203c 

10 which functions as a rotational angle sensor is mounted 
on a rotatable shaft of a small-diameter gear 203b in 
mesh with a gear 203a mounted on the vertical shaft 
203. 

[0015] An aiming direction detector 27 is formed by 

15 the variable resistors 202c t 203c, which send detection 
signals of voltage levels corresponding to angles of 
rotation in the respective directions to the controller 23 
(see FIG. 6), thereby making it possible to judge a direc- 
tion at which a muzzle 28 is aimed at. Instead of the var- 

20 iable resistors, encoders, potentiometers or like devices 
capable of detecting an angle may be used. 
[0016] Next, a shooting video game played in this 
video game system is summarily described with refer- 
ence to FIGS. 3 to 5. FIGS. 3 and 4 show the same 

25 scene of the game, wherein FIG. 3 shows a display 
screen of the main monitor 11 and FIG. 4 shows a dis- 
play screen of the auxiliary monitor 25. FIG. 5 is a dia- 
gram showing the display screen of the auxiliary 
monitor 25 in an other scene of the game. 

30 [0017] This shooting video game is such that the 
game player tries to shoot an enemy character P1 by 
means of the simulated gun (see FIG. 1) with models 
including buildings displayed as a background image on 
the main monitor 11 as shown in FIG. 3. In FIG. 3 ( the 

35 scene in which the enemy character P1 hides himself 
on the roof of a high-rise building is displayed on the 
main monitor 11. On this screen, a distance between a 
viewing point (for example, the position of the gunsight 
22 of the simulated gun 20 in this embodiment) and the 

40 enemy character P1, i.e. a distance set in a virtual 
three-dimensional (3D) space (game space) in terms of 
calculation is long, and a range of the game image set 
in the virtual 3D space which range has a relatively wide 
angle of view is displayed. Accordingly, recognition can 

45 be only made as to whether the enemy character P1 is 
present or not. 

[0018] Contrary to this, an enlarged image of a 
small area including an aimed position of the muzzle 28, 
Le. a range of the game image set in the virtual 3D 

so space which range has a narrow angle of view is dis- 
played on the auxiliary monitor 25 as shown in FIG. 4. 
Such a display makes it possible to easily recognize a 
state where the enemy character P1 difficult to see on 
the main monitor 1 1 is aiming a gun at the game player. 

55 In FIG. 4, a cross is displayed in a circular mark to make 
it understandable that the displayed screen is the 
screen of the auxiliary monitor 25 in the gunsight 22. 
FIGS. 3 and 4 show scenes where the enemy character 
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P1 tries to counterattack the game player. FIG. 5 shows 
a scene immediateiy after the game player shot an 
enemy character P2. In FIG. 5, a simulated bullet D fly- 
ing toward the enemy character P2 is displayed at the 
cross section in the center. 

[0019] FIG. 6 is a block diagram showing the elec- 
trical construction of the video game system and func- 
tion blocks of the control unit 33. It should be noted that 
no description is given on the same elements as those 
shown in FIG. 1 by identifying them by the same refer- 
ence numerals. 

[0020] This video game system is, as shown in FIG. 
6, provided with the main monitor 11, the start switch 
13, a coin detector 16, the micro-switch 24, the auxiliary 
monitor 25, the aiming direction detector 27, a ROM 31 1 
a RAM 32 and the control unit 33. 
[0021] When the start switch 13 is pressed by the 
game player, a corresponding switch signal is sent to 
the control unit 33. The coin detector 16 detects a coin 
inserted through the coin slot 12 (see FIG. 1) and sends 
a detection signal to the control unit 33. 
[0022] In the ROM 31 are stored a game program of 
this video game and various predetermined values set 
in advance as described later which are part of the 
game program. 

[0023] Further, polygon data constructing fixed 
models such as still enemy characters and building 
characters, movable models moving on the ground such 
as car characters, flying models flying in the air such as 
helicopter characters and airplane characters, and sim- 
ulated bullets which look as if they were fired from the 
simulated gun 20 are also stored in the ROM 31 as part 
of the game program of the video game. Texture data 
used to image the respective models are also stored in 
the ROM 31 as part of the game program of the video 
game. 

[0024] Models are usually formed by a polygon set 
comprised of a plurality of polygons and imaged by 
adhering textures to the respective polygons. In this 
embodiment, first, second and third polygon sets com- 
prised of different numbers of polygons are stored in the 
ROM 31 as polygon sets for forming the same model 
(polygon storage means). FIGS. 7 to 9 are polygon 
mesh representations showing polygon sets forming 
models representing the same human character (e.g. 
an enemy character). 

[0025] FIG. 7 shows the first polygon set 34 com- 
prised of a largest number (e.g. about 1000 in this 
embodiment) of polygons, FIG. 8 shows the second pol- 
ygon set 35 comprised of a smaller number (e.g. about 
500 in this embodiment) of polygons, and FIG. 9 shows 
the third polygon set 36 comprised of an even smaller 
number (e.g. about 100 in this embodiment) of poly- 
gons. 

[0026] As described later, when this model (human 
character) is displayed on the respective monitors 1 1 , 
25, the first polygon set 34 of FIG. 7 is used if the dis- 
tance from the viewing point to the enemy character is a 



short distance; the second polygon set 35 of FIG. 8 is 
used if the distance from the viewing point to the enemy 
character is a medium distance; and the third polygon 
set 36 of FIG. 9 is used if the distance from the viewing 
5 point to the enemy character is a long distance. The tex- 
ture data corresponding to the first to third polygon sets 
34 to 36 are stored in the ROM 31 . 

[0027] In addition to textures representing a usual 
display mode, e.g. a display mode of the enemy charac- 

10 ter P1 as shown in FIG. 4, textures representing differ- 
ent display modes are also stored as a texture data 
representing the model of the enemy character in the 
ROM 31 (display mode storage means). FIGS. 10 and 
11 are diagrams showing models of enemy characters 

15 displayed on the auxiliary monitor 25 in different display 
modes. 

[0028] FIG. 10 shows a state where an enemy char- 
acter P3 is displayed on the auxiliary monitor 25 in a 
thermographical display mode expressing a scanned 

20 image of a human, which would be obtained by a ther- 
mograph, in a simulated manner. FIG. 11 shows a state 
where an enemy character P4 is displayed on the auxil- 
iary monitor 25 in a simulated skeleton display mode 
expressing a skeleton image of a human, which would 

25 be obtained by an X-ray testing apparatus, in a simu- 
lated manner. Displays in these different display modes 
are described later. 

[0029] Referring back to FIG. 6, the RAM 32 has a 
non-display area and two display areas (frame buffers). 

30 Data read from the ROM 31 and various calculation 
results are temporarily stored in the non-display area, 
whereas image data to be displayed on the respective 
monitors 1 1 , 25 are written in the two display areas. 
[0030] The control unit 33 is comprised of one or 

35 more CPUs and an input/output circuit, conducts vari- 
ous calculations in a specified sampling cycle, and dis- 
plays images on the main monitor 1 1 and the auxiliary 
monitor 25 using the calculation results. The control unit 
33 is provided with a game control unit 41, a signal 

40 processing unit 42, and an imaging unit 43 as function 
blocks. 

[0031] The game control unit 41 proceeds the game 
by generating commands as tasks for imaging in 
accordance with the game program stored in the ROM 

45 31 , ON/OFF signals sent from the micro-switch 24 of 
the simulated gun 20 and the detection signals sent 
from the aiming direction detector 27. The game control 
unit 41 has a function as a coin discriminating means for 
discriminating whether a coin has been inserted 

so through the coin slot 12 (see FIG. 1) based on whether 
it has received a detection signal from the coin detector 
16, and a function as a start discriminating means for 
discriminating whether the start switch 13 has been 
pressed by the game player based on whether it has 

55 received a switch signal from the start switch 1 3. 

[0032] The signal processing unit 42 conducts cal- 
culation of positions of characters and models in the vir- 
tual 3D space, calculation for the perspective projection 
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transformation from the position in the virtual 3D space 
into a position on the plane of the monitor, and a light 
source calculation. For example, when the simulated 
bullet fired from the simulated gun 20 is displayed, the 
signal processing unit 42 conducts a calculation to 
move a polygon set forming the simulated bullet in 
accordance with a trajectory simulation set in advance. 
[0033] The imaging unit 43 forms images on the 
main monitor 1 1 and the auxiliary monitor 25 by writing 
the image data to be formed in the RAM 32 and writing 
the texture data in the areas of the RAM 32 designated 
by the polygons in accordance, with the calculation 
results in the signal processing unit 42. 
[0034] Here, the functions of the game control unit 
41, the signal processing unit 42 and the imaging unit 
43 are described. 

[0035] Polygon data defining models, texture data, 
etc. are stored in correspondence in the RAM 32. 
[0036] Polygons are polygonal two-dimensional 
(2D) virtual figures for forming an object, i.e. a model set 
in the virtual 3D space (game space). In this embodi- 
ment, polygons are triangle. Texture data are 2D image 
data to be adhered to the polygons to form an image. 
[0037] Imaging commands generated by the game 
control unit 41 include commands for forming a 3D 
image using the polygons. Each command forforming a 
3D image using the polygons is comprised of polygon 
apex address data in the display area of the RAM 32, 
texture address data representing the stored position of 
the texture data to be adhered to the polygons in the 
RAM 32, and luminance data representing the lumi- 
nance of the textures. 

[0038] The polygon apex address data in the dis- 
play area are polygon apex coordinate data in a 2D 
space obtained by the signal processing unit 42 apply- 
ing a coordinate transformation and a perspective pro- 
jection transformation to the polygon apex coordinate 
data in the 3D space from the game control unit 41 
based on a moved amount data and a rotated amount 
data of the screen itself (viewing point). 
[0039] The polygon apex address data represent 
addresses in the display areas of the RAM 32. The 
imaging unit 43 writes the texture data represented by 
the texture address data allotted in advance in a range 
of the display area of the RAM 32 represented by three 
polygon apex address data. As a result, objects (mod- 
els) formed by adhering the texture data to a multitude 
of polygons are displayed on the display surfaces of the 
main monitor 1 1 and the auxiliary monitor 25. 
[0040] Referring back to FIG. 6, the game control 
unit 41 is further provided with a position calculating 
means 51, a bullet control means 52, a hit judging 
means 53, an angle of view detecting means 54, a dis- 
tance detecting means 55, a correcting means 56, a 
polygon selecting means 57, a change instructing 
means 58 and a display control means 59 as function 
blocks. 

[0041] The display control means 59 has a function 



of generating the imaging commands and is provided 
with a main display control device 61 for generating 
commands for the main monitor 1 1 1 an auxiliary display 
control device 62 for generating commands for the aux- 
5 iliary monitor 25, and a change display control device 63 
to be described later. 

[0042] The position calculating means 51 has a 
function of calculating the position of an intersection of 
the trajectory of the simulated bullet with the screen of 

w the main monitor 11 when the simulated bullet is fired 
from the muzzle 28 of the simulated gun 20 in accord- 
ance with the detection signal from the aiming direction 
detector 27. This intersection calculation is carried out 
frame by frame (e.g. 1/60 sec. in this embodiment) 

15 regardless of whether or not the simulated bullet has 
been fired. 

[0043] The bullet control means 52 has functions of 
generating a bullet firing signal every time the trigger 25 
is pulled, and, every time this signal is generated, read- 
me ing the apex coordinate data of the polygons forming 
the simulated bullet and other data from the ROM 31 
and carrying out the trajectory simulation for calculating 
the trajectory of the simulated bullet fired from the simu- 
lated gun 20 frame by frame in accordance with the 

25 position of the intersection calculated by the position 
calculating means 51 , the propagating direction of the 
simulated bullet on the main monitor 1 1 which is so set 
in advance as to correspond to the position of the inter- 
section (direction data corresponding to the positions of 

30 the intersection are stored in a table format in the ROM 
31 in this embodiment) and a speed (e.g. Mach 3) of the 
simulated bullet set in advance. 
[0044] In this embodiment, the trajectory simulation 
is carried out frame by frame for each simulated bullet. 

35 The propagating direction of the simulated bullet on the 
main monitor 1 1 is set at a depth direction of the game 
image displayed on the main monitor 11 along a fine 
connecting the position of the intersection and the posi- 
tion of the simulated gun 20. 

40 [0045] The hit judging means 53 has a function of 
judging whether each simulated bullet has hit the model 
by judging whether the trajectory of each simulated bul- 
let intersects with the model displayed on the main mon- 
itor 1 1 . The judgment is made by judging by calculation 

45 whether a hit judging surface set for each displayed 
model and the trajectory' data of the simulated bullet 
intersect in the 3D coordinate systems. 
[0046] The angle of view detecting means 54 has a 
function of detecting angles of view of the game images 

so displayed on the main monitor 1 1 and the auxiliary mon- 
itor 25. The distance detecting means 55 has a function 
of detecting distances from the viewing point to the 
respective models displayed on the main monitor 11 
and the auxiliary monitor 25. 

55 [0047] The main display control means 61 and the 
auxiliary display control means 62 send commands to 
display images within ranges of preset angles of view 
from a preset viewing point in the game space set in the 
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virtual 3D space as game images on the main monitor 
1 1 and the auxiliary monitor 25 to the signal processing 
unit 42 and the imaging unit 43 in accordance with the 
game program stored in the ROM 31 , respectively. The 
angle of view detecting means 54 detects the angles of 5 
view on the respective monitors 11, 25 frame by frame, 
and the distance detecting means 55 detects the dis- 
tances from the viewing point to the respective models 
on the respective monitors 1 1 , 25 frame by frame. 
[0048] The correcting means 56 has a function of 10 
calculating a corrected value L of a distance H accord- 
ing to an angle of view a in accordance with following 
equation (1): 

L = H*tan(o/2)/tan(8/2) (1) 15 

where 6 denotes a standard angle of view. 
[0049] The polygon selecting means 57 has a func- 
tion of selecting a polygon set used to display the model 
on the main monitor 11 and the auxiliary monitor 25 20 
from the first to third polygon sets 34 to 36 (see FIGS. 7 
to 9) in accordance with the corrected value L. This 
selection is made by comparing the corrected value with 
predetermined values L1, L2 (> L1): the first polygon set 
34 is selected when L < L1 , the second polygon set 35 25 
is selected when L1 < L < L2, and the third polygon set 
36 is selected when L2 ^ L. 

[0050] FIG. 12 is a diagram used to explain selec- 
tion of the polygon set. In this embodiment, setting is: 
e.g., 6 = 60°, L1 = 10m, L2 = 20m as shown in FIG. 12. 30 
[0051] For example, if the angle of view a of the 
main monitor 11 is equal to 60°, i.e. equal to the stand- 
ard angle of view 9, L = H is given by equation (1). 
Accordingly, the first polygon set 34 is selected when H 
< 10(m); the second polygon set 35 is selected when 35 
10(m)< H <20(m); and the third polygon set 36 is 
selected when 20(m) < H. 

[0052] Further, if the angle of view a of the auxiliary 
monitor 25 is equal to 10°, the first polygon set 34 is 
selected when H < 65.99(m); the second polygon set 35 40 
is selected when 65.99(m)<H<131.98(m); and the third 
polygon set 36 is selected when 131.98{m) < H in 
accordance with equation (1) as shown in FIG. 12. 
[0053] In this embodiment, in the case that portions 
of the game image set in the virtual 3D space within the 45 
ranges of different angles of view are displayed on the 
main monitor 1 1 and the auxiliary monitor 25, the poly- 
gon sets used to display the model are selected based 
on the corrected value L of the distance H calculated 
according to the angle of view a in accordance with so 
equation (1). Thus, suitable polygon sets corresponding 
to the distance can be easily selected for both monitors 
1 1 and 25. As a result, suitable images can be realisti- 
cally displayed on the monitors 1 1 and 25. 
[0054] Referring back to FIG. 6, the change 55 
instructing means 58 has a function of instructing a 
change of the display mode of the enemy character on 
the auxiliary monitor 25 to the different display modes 



described above. In the game program stored in the 
ROM 31, this video game is comprised of a plurality of 
game stages, in each of which the display mode of the 
enemy character on the auxiliary monitor 25 is set 
beforehand at a usual mode as shown in FIG. 4 or at a 
see-through mode as shown in FIG. 10 or 11. Upon 
entering a game stage in which the see-through mode 
is set as the game progresses, the above instruction is 
given by the change instructing means 58. 
[0055] As shown in phantom line in FIG. 6, there 
may be provided an operable member 72 including, for 
example, an operation switch provided on the simulated 
gun 20 and adapted to send an operation signal to the 
control unit 33 upon being operated. The change 
instructing means 58 may give the above instruction in 
accordance with the operation signal from the operable 
member 72. In FIG. 6, the main display control device 
61 may have a function of generating a command to dis- 
play a specified character on the main monitor 11, and 
the change instructing means 58 may give an instruc- 
tion to change the display mode of the enemy character 
on the auxiliary monitor 25 to a different display mode 
when the hit judging means 53 judges that the simu- 
lated bullet fired from the simulated gun 20 (see FIG. 1) 
hit the specified character. In these cases, the game 
player can change the display mode of the enemy char- 
acter to a different one in a desired game scene, which 
makes the game more interesting. 
[0056] As described above, the main display control 
device 61 of the display control means 59 has a function 
of generating a command to display a portion of the 
game image set in the virtual 3D space within a range of 
a specified angle of view from a specified viewing point 
on the main monitor 11 depending on the progress of 
the game. 

[0057] The auxiliary display control device 62 has a 
function of generating a command to display a portion of 
the game image displayed on the main monitor 11 
which portion includes a part aimed at by the simulated 
gun 20 and is located within a range of a specified angle 
of view smaller than the one used in the main display 
control device 61. 

[0058] The main and auxiliary display control 
devices 61 , 62 generate various other commands for 
the display, including a command to display the simu- 
lated bullet generated by the bullet control means 52 
and a command for the screen display showing a suc- 
cess of shooting in response to the hit judgment made 
by the hit judging means 53 by, for example, causing the 
model hit by the simulated bullet, e.g. the enemy char- 
acter to fall backward or disappear from the game 
screen. 

[0059] The change display control device 63 has a 
function of generating a command to display the enemy 
character on the auxiliary monitor 25 in the aforemen- 
tioned different display mode as shown in FIG. 10 or 1 1 
upon the instruction by the change instructing means 
58. FIGS. 13 and 14 are diagrams showing examples of 
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the display scenes on the main monitor 11 when the 
instruction is given from the change instructing means 
58. 

[0060J FIG. 13 shows a state where enemy charac- 
ters (indicated by "TARGET" in FIG. 13) cannot be seen 
with sight being blocked by obstacles 71 Even in this 
state, if the instruction is given from the change instruc- 
tion means 58, the change display control means 63, for 
example, causes the enemy character P3 to be dis- 
played as a simulated thermographical image on the 
auxiliary monitor 25 as shown in FIG. 10, so that the 
enemy character P3 can be easily visually recognizable. 
[0061] FIG. 14 shows a state where enemy charac- 
ters (indicated by "TARGET" in FIG. 14) are difficult to 
see with sight being blocked by the darkness or smoke 
(indicated by hatching in FIG. 14). Even in this state, if 
the instruction is given from the change instruction 
means 58, the change display control means 63, for 
example, causes the enemy character P4 to be dis- 
played as a simulated skeleton image on the auxiliary 
monitor 25 as shown in FIG. 1 1 , so that the enemy char- 
acter P4 can be easily visually recognizable. 
[0062] In this embodiment, even if it is difficult or 
impossible to see the enemy character on the main 
monitor 11, the change display control means 63 
causes the enemy character to be displayed in the dif- 
ferent display mode on the auxiliary monitor 25 when 
the instruction is given from the change instructing 
means 58. Accordingly, the enemy character can be 
easily visually recognizable. This enables the game 
player to shoot the enemy character in such a case, 
making the shooting video game more interesting and 
exciting. Further, unlike the simple shooting video game 
for shooting enemy characters, a variety of images 
including darkness and obstacles can be displayed on 
the main monitor 11, thereby making the game more 
enjoyable. 

[0063] Next, a procedure of selecting the polygon 
set is described with reference to a flow chart of FIG. 15. 
[0064] First, an angle of view of an image being dis- 
played is detected (Step ST100), a distance from a 
viewing point to a displayed model is detected (Step 
ST110) and a corrected value of the distance corre- 
sponding to the angle of view is calculated by equation 
(1) (Step ST120). A polygon set used for the displayed 
model is selected based on the corrected value (Step 
ST130), and an imaging command for the displayed 
model is generated using the selected polygon set 
(Step ST140). 

[0065] This operation procedure is carried out 
frame by frame for both the main monitor 1 1 and the 
auxiliary monitor 25, and Steps ST110 to ST140 are 
performed for all models displayed on the respective 
monitors 11, 25. 

[0066] Next, an instruction procedure by the 
change instructing means 58 is described with refer- 
ence to a flow chart of FIG. 16. 
[0067] When the video game system is turned on, a 



first game stage is started (Step ST200) after a speci- 
fied procedure including the display of a demonstration 
screen and an initialization screen is carried out (not 
shown). The usual mode is first set (Step ST210). Thus, 

5 no instruction is given from the change instructing 
means 58 in the first game stage. Subsequently, the 
game in the first game stage is performed (Step ST220) 
until the end of the first game stage (NO in Step ST230), 
proceeding to the next stage. 

10 [0068] Upon the end of the first game stage (YES in 
Step St230), a second game stage is started next (Step 
ST240). First, an instruction is given from the change 
instructing means 58 to set the see-through mode (Step 
ST250). Accordingly, in the second stage, when an 

15 image as shown in FIG. 13 or 14 is displayed in the sec- 
ond game stage, the enemy character is displayed in a 
different display mode on the auxiliary monitor 25 as 
shown in FIG. 10 or 11. 

[0069] The game of the second game stage is con- 
20 tinued (Step ST260) until the end of the second game 
stage (NO in Step ST270). Upon the end of the second 
game stage (YES in Step ST270), a third game stage or 
the like is started (not shown). 
[0070] The present invention is not limited to the 
25 foregoing embodiment, and may be embodied as fol- 
lows. 

(1) Although three polygon sets are prepared for 
the respective models in the foregoing embodi- 

30 ment, two, four or more polygon sets may be pre- 
pared and stored in the ROM 31 beforehand. 

(2) A plurality of polygon sets may be prepared for 
all the models to be displayed on the monitors 1 1 , 
25. Alternatively, a plurality of polygon sets may be 

35 prepared only for specific models such as enemy 
characters who frequently appear on the screen. 

(3) Although the present invention is applied to the 
shooting video game system in the foregoing 
embodiment, it is not limited thereto. For example, it 

40 may be applied to general image displaying appara- 
tuses provided with two or more display sections for 
displaying images at different angles of view. 

(4) Although the main monitor 11 and the auxiliary 
monitor 25 are formed by separate display means 

45 in the foregoing embodiment, they may be formed 
by one display means according to the present 
invention. In such a case, a first display section may 
be formed by displaying an image on the auxiliary 
monitor 25 in a small area on the one display 

so means at a first angle of view, and a second display 
section may be formed by displaying an image on 
the main monitor 11 in an area of the one display 
means excluding the small area at a second angle 
of view larger than the first angle of view. 

55 (5) The ROM 31 as a readable storage medium 
may be a portable storage medium such as a CD- 
ROM, a DVD-ROM or like optical disk, a memory 
card or a floppy disk. This enables the game pro- 
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gram to be easily exchanged and renewed. 

[0071] As described above, the inventive image dis- 
playing device is provided with the first and second dis- 
play sections which are formed by at least one display 
means, the display control means for displaying por- 
tions of an image of a model set in the virtual 3D space 
within ranges of different angles of view on the first and 
second display sections, the polygon storage means for 
storing a plurality of polygon sets comprised of different 
numbers of polygons and representing the same mod- 
els displayed on the first and second display sections, 
the distance detecting means for detecting the dis- 
tances from the viewing point to the models displayed 
on the first and second display sections in the virtual 3D 
space, the correcting means for calculating the cor- 
rected values of the distances according to the angles 
of view of the images displayed on the first and second 
display sections from the viewing point, and the polygon 
selecting means for selecting the polygon sets used for 
displaying the model on the first and second display 
sections from the plurality of polygon sets based on the 
corrected values, wherein the display control means 
displays the models on the first and second display sec- 
tions using the selected polygon sets. 
[0072] With the image displaying device thus con- 
structed, a plurality of polygon sets comprised of differ- 
ent numbers of polygons and representing the same 
models displayed on the first and second display sec- 
tions which are formed by at least one display means 
are stored. When the model set in the virtual 3D space 
is displayed on the first and second display sections, the 
distances from the viewing point in the virtual 3D space 
to the models displayed on the first and second display 
sections are respectively detected. The corrected val- 
ues of the detected distances according to the angles of 
view of the images displayed on the first and second 
display sections from the viewing point are calculated. 
The polygon sets used for displaying the models on the 
first and second display sections are selected from the 
plurality of polygon sets based on the corrected values, 
and the models are displayed on the first and second 
display sections using the selected polygon sets. 
Accordingly, suitable polygon sets corresponding to the 
distances and taking the angles of view into considera- 
tion are used for the display section for displaying an 
image having a relatively large angle of view and for the 
display section for displaying an image having a smaller 
angle of view, i.e. an enlarged image. As a result, the 
models can be suitably displayed. 
[0073] The polygon storage means may store the 
first polygon set comprised of a plurality of polygons and 
representing the model displayed on the first and sec- 
ond display sections, and the second polygon set com- 
prised of a smaller number of polygons than the first 
polygon set and representing the same model as the 
first polygon set; the correcting means may correct the 
distance according to a ratio of an actual angle of view 



to the standard angle of view set in advance; and the 
polygon selecting means may select the first polygon 
set when the corrected value is smaller than a predeter- 
mined value while selecting the second polygon set 
5 when it is equal to or larger than the predetermined 
value. 

[0074] With this construction, the first polygon set 
comprised of a plurality of polygons and representing 
the model displayed on the first and second display sec- 

10 tions, and the second polygon set comprised of a 
smaller number of polygons than the first polygon set 
and representing the same model as the first polygon 
set are stored. By correcting the distance according to 
the ratio of the actual angle of view to the standard 

15 angle of view, the corrected value is smaller than the 
detected distance when the actual angle of view is 
smaller than the standard angle of view while being 
larger than the detected distance when it is larger than 
the standard angle of view. Thus, the first polygon set is 

20 selected when the corrected value is smaller than the 
predetermined value while the second polygon set is 
selected when it is equal to or larger than the predeter- 
mined value. In other words, when the distance calcu- 
lated taking the angle of view into consideration is long, 

25 the second polygon set having a smaller number of pol- 
ygons is used. As a result, the models can be suitably 
displayed by using the suitable polygon sets according 
to the distances calculated taking the angles of view into 
consideration for both the first and second display sec- 

30 tions. 

[0075] The polygon storage means may addition- 
ally store the third polygon set comprised of a smaller 
number of polygons than the second polygon set and 
representing the same model as the first polygon set 

35 are stored, and the polygon selecting means may select 
the third polygon set when the corrected value is equal 
to or larger than a second predetermined value which is 
larger than the above predetermined value. 
[0076] With this construction, when the distance 

40 calculated taking the angle of view into consideration is 
further longer, the third polygon set having an even 
smaller number of polygons is used. Thus, suitable pol- 
ygon sets taking the angles of view into consideration 
and corresponding to the distances are used for the first 

45 and second display sections. As a result, the models 
can be suitably displayed. 

[0077] The first and second display sections may be 
formed by one display means, and the display control 
means may display, as the first display section, the 

so image at a first angle of view in a small area on the dis- 
play means and display, as the second display section, 
the image at a second angle of view larger than the first 
angle of view in a remaining area on the display means 
excluding the small area. 

55 [0078] With this construction, suitable polygon sets 
taking the angles of view into consideration and corre- 
sponding to the distances are used for both the first dis- 
play section for displaying the image in the small area 
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on the one display means at the first angle of view and 
the second display section for displaying the image in 
the remaining area on the display means excluding the 
small area at the second angle of view larger than the 
first angle of view. Thus, the models can be suitably dis- 
played. 

[0079] Even if the first and second display sections 
are formed by two different display means, suitable pol- 
ygon sets taking the angles of view into consideration 
and corresponding to the distances are used for both 
display sections. Thus, the models can be suitably dis- 
played. 

[0080] The inventive image displaying method for 
displaying a model set in the virtual 3D space at differ- 
ent angles of view on the first and second display sec- 
tions which are formed by at least one display means 
comprises the steps of storing a plurality of polygon sets 
comprised of different numbers of polygons and repre- 
senting the same models to be displayed on the first and 
second display sections; detecting the distances from 
the viewing point in the virtual 3D space to the models 
displayed on the first and second display sections; cal- 
culating the corrected values of the distances according 
to the angles of view of the images displayed on the first 
and second display sections from the viewing point; 
selecting the polygon sets used for displaying the mod- 
els on the first and second display sections from the plu- 
rality of polygon sets based on the corrected values; 
and displaying the models on the first and second dis- 
play sections using the selected polygon sets. 
[0081] According to this method, a plurality of poly- 
gon sets comprised of different numbers of polygons 
and representing the same models displayed on the first 
and second display sections which are formed by at 
least one display means are stored. When the models 
set in the virtual 3D space is displayed on the first and 
second display sections, the distances from the viewing 
point in the virtual 3D space to the models displayed on 
the first and second display sections are respectively 
detected. The corrected values of the detected dis- 
tances according to the angles of view of the images 
displayed on the first and second display sections from 
the viewing point are calculated. The polygon sets used 
for displaying the models on the first and second display 
sections are selected from the plurality of polygon sets 
based on the corrected values, and the models are dis- 
played on the first and second display sections using 
the selected polygon sets. Accordingly, suitable polygon 
sets corresponding to the distances and taking the 
angles of view into consideration are used for the dis- 
play section for displaying an image having a relatively 
large angle of view and for the display section for dis- 
playing an image having a smaller angle of view, i.e. an 
enlarged image. As a result, the models can be suitably 
displayed. 

[0082] Further, the inventive shooting video game 
system for shooting enemy characters displayed on the 
main monitor by the simulated gun from a position fac- 



ing the main monitor is provided with the main display 
control means for displaying a portion of a game image 
set in the virtual 3D space and comprised of models 
including enemy characters within a range of a specified 

5 angle of view on the main monitor; the auxiliary monitor 
provided in the gunsight of the simulated gun, the auxil- 
iary display control means for displaying a portion of the 
game image including a part at which the simulated gun 
is aimed within a range of an angle of view smaller than 

io the specified angle of view on the auxiliary monitor; the 
polygon storage means for storing a plurality of polygon 
sets comprised of different numbers of polygons and 
representing the same models to be displayed on the 
main and auxiliary monitors, the distance detecting 

15 means for detecting the distances from the viewing 
point in the virtual 3D space to the models displayed on 
the main and auxiliary monitors, the correcting means 
for calculating the corrected values of the distances 
according to the angles of view of the images displayed 

20 on the main and auxiliary monitors from the viewing 
point, and the polygon selecting means for selecting the 
polygon sets used for displaying the models on the main 
and auxiliary monitors from the plurality of polygon sets 
based on the corrected values, wherein the main and 

25 auxiliary display control means display the models on 
the first and second display sections using the selected 
polygon sets. 

[0083] With this construction, a plurality of polygon 
sets comprised of different numbers of polygons and 

30 representing the same models to be displayed on the 
main and auxiliary monitors are stored; the portion of 
the game image set in the virtual 3D space and com- 
prised of the models including the enemy character 
within the range of the specified angle of view is dis- 

35 played on the main monitor, whereas the portion of the 
game image displayed on the main monitor including 
the part at which the simulated gun is aimed within the 
range of the angle of view smaller than the specified 
angle of view is displayed on the auxiliary monitor. 

40 [0084] The distances from the viewing point in the 
virtual 3D space to the models displayed on the main 
and auxiliary monitors are respectively detected. The 
corrected values of the detected distances according to 
the angles of view of the images displayed on the main 

45 and auxiliary monitors from the viewing point are calcu- 
lated. The polygon sets used for displaying the models 
on the main and auxiliary monitors are selected from 
the plurality of polygon sets based on the corrected val- 
ues, and the models are displayed on the main and aux- 

50 iliary monitors using the selected polygon sets. 
Accordingly, suitable polygon sets corresponding to the 
distances are used for the main monitor for displaying 
an image having a relatively large angle of view and for 
the auxiliary monitor for displaying an image having a 

55 smaller angle of view, i.e. an enlarged image. As a 
result, the models can be suitably displayed. 
[0085] This application is based on Japanese appli- 
cation serial no. 1 1-270524 filed in Japan on September 
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24, 1999, the contents of which are hereby incorporated 
by reference. 

[0086] Although the present invention has been 
fully described by way of example with reference to the 
accompanying drawings, it is to be understood that var- 
ious changes and modifications will be apparent to 
those skilled in the art. Therefore, unless otherwise 
such changes and modifications depart from the scope 
of the present invention hereinafter defined, they should 
be construed as being included therein. 

Claims 

1. An image displaying device comprising: 

at least one display means provided with a first 
and a second display sections; 
display control means for displaying portions of 
an image of a model set in the virtual 3D space 
within ranges of different angles of view on the 
first and second display sections; 
polygon storage means for storing a plurality of 
polygon sets comprised of different numbers of 
polygons and representing the same model 
displayed on the first and second display sec- 
tions; 

distance detecting means for detecting the dis- 
tance from a viewing point to the model dis- 
played on the first and second display sections 
in the virtual 3D space respectively; 
correcting means for calculating corrected val- 
ues of the distance according to the angle of 
view of the image displayed on the first and 
second display sections from the viewing point 
respectively; and 

polygon selecting means for selecting the poly- 
gon set used for displaying the model on the 
first and second display sections respectively 
from the plurality of polygon sets based on the 
corrected value, wherein the display control 
means displays the model on the first and sec- 
ond display sections using the respectively 
selected polygon sets. 

2. The image displaying device according to claim 1 , 
wherein the polygon storage means stores a first 
polygon set comprised of a plurality of polygons 
and representing a model displayed on the first and 
second display sections, and a second polygon set 
comprised of a smaller number of polygons than 
the first polygon set and representing the same 
model as the first polygon set; the correcting means 
corrects the distance according to a ratio of an 
actual angle of view to a standard angle of view set 
in advance; and the polygon selecting means 
selects the first polygon set when the corrected 
value is smaller than a first predetermined value 
while selecting the second polygon set when it is 



equal to or larger than the first predetermined 
value. 

The image displaying device according to claim 2, 
wherein the polygon storage means further stores a 
third polygon set comprised of a smaller number of 
polygons than the second polygon set and repre- 
senting the same model as the first polygon set, 
and the polygon selecting means selects the third 
polygon set when the corrected value is equal to or 
larger than a second predetermined value which is 
larger than the first predetermined value. 

The image displaying device according to any one 
of claims 1 through 3, wherein the first and second 
display sections are formed in the single display 
means, and the display control means displays, as 
the first display section, the image at a first angle of 
view in a small area on the display means and dis- 
play, as the second display section, the image at a 
second angle of view larger than the first angle of 
view in a remaining area on the display means 
excluding the small area. 

The image displaying device according to any one 
of claims 1 through 3, wherein the first and second 
display sections are formed by two different display 
means. 

An image displaying method for displaying a model 
set in the virtual 3D space at different angles of 
view on the first and second display sections which 
are formed by at least one display means, said 
method comprising the steps of: 

storing a plurality of polygon sets comprised of 
different numbers of polygons and represent- 
ing a same model to be displayed on the first 
and second display sections; 
detecting distances from the viewing point in 
the virtual 3D space to the model displayed on 
the first and second display sections respec- 
tively; 

calculating corrected value of the distance 
according to the angle of view of the image dis- 
played on the first and second display sections 
from the viewing point respectively; 
selecting the polygon sets used for displaying 
the model on the first and second display sec- 
tions from the plurality of polygon sets based 
on the corrected values respectively; and 
displaying the model on the first and second 
display sections using the respectively selected 
polygon set. 

A shooting video game system for shooting enemy 
characters displayed on a main monitor by a simu- 
lated gun from a position facing the main monitor, 
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said shooting video game system comprising: 

main display control means for displaying a 
portion of a game image set in a virtual 3D 
space and comprised of models including 5 
enemy characters within a range of a specified 
angle of view on the main monitor; 
auxiliary monitor provided in a gunsight of the 
simulated gun; 

auxiliary display control means for displaying a 10 
portion of the game image including a part at 
which the simulated gun is aimed within a 
range of an angle of view smaller than the 
specified angle of view on the auxiliary monitor; 
polygon storage means for storing a plurality of 15 
polygon sets comprised of different numbers of 
polygons and representing the same model to 
be displayed on the main and auxiliary moni- 
tors; 

distance detecting means for detecting dis- 20 
tances from the viewing point in the virtual 3D 
space to the model displayed on the main and 
auxiliary monitors respectively; 
correcting means for calculating corrected val- 
ues of the distance according to the angle of 25 
view of the images displayed on the main and 
auxiliary monitors from the viewing point 
respectively; and 

polygon selecting means for selecting the poly- 
gon set used for displaying the models on the 30 
main and auxiliary monitors from the plurality of 
polygon sets based on the corrected value, 
wherein the main and auxiliary display control 
means display the model on the first and sec- 
ond display sections using the respectively 35 
selected polygon set. 
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